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The  liTorld  War  hs.s   developed  a  situation  that   threatens   a  shortage  of 
protein  foods,   particularly  proteins  from  animnl   sources — neat,    milk,    and 
eggs.      In  fact,    such  a  shortage   is   oelievsd  to  "be   aJLready  impending,    aad  that 
it  will   increase  not   only  with  the  duration  of   the  war,  "but  for   some  time 
after  hostilities  have  ceased.     This   situation  demands   that   immediate  consider- 
avtion  he  given  to  the  nutritional  value  of  plant   proteins  that  may  serve  in 
the   diet. 

There  are  three  important   agricultural   crops  that   offer   excellent 
possioilitics  for  supplying  plrnt  proteins  having   a.  high  nutritive  value,    ^'■nd. 
which  cxq  eminently  suitable  for  use  as  humaci  food  in  a  variety  of  v;rys. 
These  products   are   soyooajas,   peanuts,    raid  cottonseed.      Soyhern  flour  for 
human  consumption  is   alread^-r  "being  produced  in   increa.sing  quaaitities.     Peajiut 
and  cottonseed  flours   are  aJ.so  "being  produced  in  limited  quantities.     The 
potential  production  of  these  seed  crops   is   enormous. 

The  protein  nutritional  value  of  a  food  depends  not   only  on  the 
quantity  of  protein  present    out   clso  on  the  kind  of  protein.      If   a  protein 
does  not   contain  all   of  the  ten  nutritionally-essential   amino   acids   in 
adequate  amounts   it  will  not    support   growth  or  maintain  an   animal   in  a 
sa.tisf actory  state  of   health  and  nutrition  no  ma.tter  how  much  is    eaten.     The 
qviestion  of  protein  requirements   in  nutrition  is   essentially  a  qiestion  of 
amino   acid  requirements.      This  docs  not  mean,    hov/cver,    that    a  protein  lacking 
in  one  of  these  amino    a^ids  may  not   serve  a  very  impcrtccit  pla-ce  as   a  protein 
food  in  the  diet,    since  this  deficiency  cor.  "be   corrected  "by  the  use  of  other 
proteins   tnat   contain  the   amino   axid  in   abundajice. 

Practical  feeding  tests  with  farm  animals   as  well   as   laboratory  studies 
with  small    experimental  a.nimaJ.s  have  demonstrated  that    soyheajis,   peanuts,    and 
cottonseed  supply  proteins  of  high  nutritive  value.      However,    there   axe  little 
or  no   da.ta  availaJble  to    show  just   how  much  "better,    if   cny,    arc  the  proteins 
of  one  than  the  other,    or  to   indicate   their   specific  values  for    supplementing 
protein  deficiencies   of  other  coEimonly  used  foods.      Various   reasons   acco\mt 
for  this  lac.-c  oi^  informational   da.ta.     There  are  few  reliable  data,  on  the  amino 
acid  composition  of  whole  seeds  or  of   their  flours.      Amino   acids  have  "been 
determined  on  only  isolated,   purified  proteins,    and  the  results  do  not   repre- 
sent  the  :imino   acid  content   of  the  v/hole   seed  or  of   its  products   as  they  are 
used  for  food.     Furthermore,    feeding  studies   in  different   la"boratories  have 
not  been  conducted  under  -anifom  conditions   rnd  procedures.      Consequently, 
the  data  obtained  are  not   comparable.      There  have  boon  variations   in  the  t;i^es 
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of   diets  used,    levels  of  protein   in   t.ie  diets,    durr.tion  of   the  feeding  periods, 
the  kind  ond  strains   of   animrds  used,    and  differences   in  the   ages   and  weights 
of  the   ajiimrls  used.      Addition  of  yeast    :md  other  protein-containing  materials 
to   the  diets  to   supply  vito-ains  have  also  nade  comparisons   of  results   impossible.! 

Most  proteins,    pai-ticult'jrly  plrnt   proteins,    vary  greatly   in  the  propor- 
tions of   the  different    amino   acids   they  contain,      'This  fact    emphs.sizes  the 
wisdom  of  not   depending  on  any  one  protein  aJLone  to  provide  for   satisfactory 
nutritional  requirements.     The  joroteins  of   soybeans,   peanuts,    ajid  cottonseed 
differ  widely,  in  their   content   of   some  of   the  nutritionally-ossential   amino 
acids,    and  consequently  m?y  vary  in  their  value  for  supplementing  other  proteins 
commonly  used  in  the  diet.     As   sources  for   supplying  proteins  to  meet   the 
threa.tened  shortage  they  also  have  the   economic   axLvanta^o  that    each  crop  is 
produced  in  different    sections  of   the  country. 

It   is   estima-ted  tha.t   36  percent   of  the  protc-in  used  for  humaii  consump- 
tion  in  the  United  States   is  furnished  oy  grains,    chiefly  hy  wheat.      It  woul^, 
therefore,    seem  that   one  of  the  most  practicable  and  efficient  ways  of  utiliz- 
ing  soybcsiii,   peanut,    and  cottonseed  proteins  would  be  in  combination  of   their 
flours  -.vith  v/heat  flo-ur.     V/heat   flour   is  n-io\7n  to  be  deficient   in   some  amino 
acids   tha.t   acre  a.bu:idajitly  present    in   soybeaais,    peanuts,    and  cottonseed.      It 
has  long  been  Icnown  that   a  palatable  a^id  nutritious  bread  can  be  ma.de  from  a 
mixture  of  v/hite  flour    and  peanut   or   soybean  flours.      Such  a  mixture  can  be 
-Hs&a:  also   in  many  other  ways.  "'  "    '  "^ 

Studies  recently  conducted  in  our  la.borr.tory  on  the  compara.tive  growth- 
promoting  values  of   the  proteins  of   soybesn,   peanut,    and  cottonseed  flours, 
c;nd  also   on  their  values  for  supplementing  the  proteins  of  v/heat   and  pato-it 
whca.t  flour,    have  given   some  rather   striking  results. 

Albino  ra.ts  were  fed  diets   in  which  the  protein  faj^tor  was   supplied 
exclusively  by  the  flours,    and  in   the  saone   quaiitity.     The  diets  used  were 
simila.r   in   every  respect    except   for   the  kind  of  protein  supplement  under 
investigation,    and  the   experimental   conditions   and  procedures  were  as  much 
alike  cis  possible  in   every  respect.      Twelve  young  albino  ra.ts  were  used  in 
each  group,    equally  divided  with  respect   to   sex  azid  litter  mates,    and  having 
initial  weights  of   55   to   60  grajns.      Trie  feeding  periods  were  42  days.     The 
experiments  v/ere   conducted  in  an  air-conditioned  roo::i  at   a  teraperatiijrc 
maintained  at   76°  ±   3°   or  4°  F. 

The  flours   studied  were  incorporated  in  the  diet   so    as  to   supply  9.1 
percent   of  protein.      The  following  crystalline  vitamins  v/ore   added  to   the  diet 
in  amotuits   adequa.te  to  meet   the  requirements  of   the  animals  for   the  5-complex; 
thiamine,    ribofla.vin,    pjrridoxine,    calcium  pantothenate,   nicotinic   ax;id,    and 
choline.      Cod  liver  oil   i2fo)    furnished  vitamin  A,      Osborne  and  Mendel's   salt 
mixture   supplied  the  mineral   elements.     Autoclaved  starch  v/-as  used  as  required 
to   adjust   the  diets   to   a  protein   content   of  9,1  percent.     The  diets   also   con- 
tained 8  percent   of  fat,    supplied  pa,rtly  ^oy  the  oil-seed  flours  used,    and  the 
balance  by  addition  of   corn  oil. 

The  soybean,   peanut,    and  cottonseed  flours  were  expeller   t^^'pe  of  com- 
mercial products  produced  for  huma:i   consumption,    and  contained  5,7,    8,1,    a.nd 
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15.4  porccr-t  fat,    respectively^.      The  patent  v/ho^J-t   flour  was   connercia].ly 
milled  fror.  tl.e  Qcnc  v/l.eat   ao  rr.s  iisc-d.      The  v/holc  wlieat  v/l'S   ground  to   a  fine 
meal   in  an  experimental  mill   in  the  laboratory, 

Alto_;ether,    fourteen  lots  of   animals  v;ere  used.     The  first   five  were 
used  to   determine  the  comparative  protein  values  of  the  tiiree  oilseed  flours, 
whole  wheat,    and  the  patent  v/heat   flour  vi'a&n.  fed  separatel:"  at   9.1  percent 
protein  level.      'I'he  other  nine  lots  '.7ere  fed  mixtures   in  order  to  determine 
the  relative  values  of  the  proteins   of   the  oil-sseds  for   supplementing   the 
proteins  of   the  patent  wlieat  flour.      The  mixtures   consisted  of  5,    10,    and  15 
parts  of    ohe  oil-seed  flours,    and  95,    90,    and  85  parts  of  the  wheat   flour, 
respectively.      The  results   are   shov/n  in  the  accompanying^  tahle.      Inasmuch  as 
the  vit^Jnin  and  mineral   supplc-nents  v;ere   supplies   in  all   the  diets,    the 
weight   gains  given  represent  protein  values    exclusively. 

The  figures   in  the  first   column  sho\7  the  average  ".veight   gains   of  the 
snimeJ.s   in   each  group   over  a  period  of  42-ds.ys.      The   second  column  shows  the 
average  ga-ins   in  weight  per   gran  of  protein  eaten  and  the  last   col-'Jiin  the 
average  food  consumption  during  the  42-day  periods.      In   every  case  the  food 
contained  9.1  percent   of  protein,      Conpa-ring  the  first   five  sets   of  figures 
wo  See  that  the  rjiima-ls  grev/  almost   twice  as  much  on  the  v/holo  wheat   as  on  the 
patent   flour  and  aJmost   four  times   as  much  on  pea-nut   flo'or.     Vuien  calculated 
on  the  basis  of  grain   in  weight  per  gram  of  protein  cons'umed  the   soyhea^n  flour 
was   significantly  superior  to  cottonseed  floiar. 

Of  particular   interest   ejre   the  resiolts  ootained  with  the  mixed  flours. 
A  mixt'ore  consisting  of  only  5  pa-rts  of  peanut   flour  aJid  95  parts  of  patent 
flour  ha^  a.  growth  vaJIue  of  29  grains   as  a«^ainst   19   grrjns  for  white  flo-'or   a.lone. 
Raising  the  proportion  of  peanut    flour  to   10  percent    and  to   15  percent   increased 
the  values  to  44  and  48  grrjns,    respectively.     Addition  of   cottonseed  flo^or 
gave  results  quite  close  to   those  0Dta.ined  with  the  corresponding  proportions 
of  peanut   flotir,      Soyoean  flour,    on  the  other  hand,    gave  quite   superior  values. 
The  mixtures   containing  5  pa.rts  of    soybean  flour  showed  a  growth  value  somewhat 
grea-ter  than  that   of  whole  v;hea,t ,    while  those  containing  10   and  15  pr.rts 
supported  growth  gains  nea.rly  four   and  five  times  tha.t   obtained  vrith  patent 
flour   alone. 

The  increa.sing  weight  ga.ins   obt   ined  v;ith  increasing  proportions  of   the 
oil-seed  flours  added  to  the  patent   flour   indicate  definitely  that   the  oil-seed 
proteins   supply  one  or  more  nutritionally-essential   amino   acids   tha.t   a.re  not 
present    in   sufficient    amounts   in  the  v/hea.t   flo'cir  proteins.      There  can  be  little 
or  no   doubt   tha.t   one  of  thes^;  ronino   au^ids   is  lysine.     Most   of  the  protein  of 
whea.t   flour  is   contained  in   the  gluten,     G-luten  contains  only  about  2  perceiit 
of  lysine.     One  of   the  two  proteins  composing  gluten  is  glia^din  which  contains 
little  or  no   lysine.      This  protein   is  frequently  referred  to   as   a.  cla.ssic 
example  of   a  deficient  protein.      Animals   receiving  no   other  protein  than  gliadin 
in   their  diet   villi  die   in  a  compar actively   short   time.      However,   when  lysine   is 
added  to   the  gliauiin  diet  growth  can  be  maintained  a±    a  very  fa.ir  ra.te. 

Now,   how  about    the  oil-seeds   a.s   a.  source  of   lysine?     The  proteins  of 
cottonseed  and  pe^inuts   contain  about   4  and  5  percent   of  lysine,    respectively. 
G-lj^cinin,    a  protein  fraction   that   reprsseiils  most   of   the  total  protein  of   the 
soybean  contains  9  percent,    a  content    that   is    exceeded  by  few  food  proteins. 
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Ko  wonder,  then,  taat  15  parts  of  peanut  flour  or  of  cottonseed  will  more  than 
double  the  ^rowt-h-promoting  value  of  white  flour,  and  that  the  same  proportion 
of   soybean  flour  will   increase  the  veJ-ue  almost   five-fold. 

Lysine   is   only  one  of   the  ten  nutritione^lly-essential   amino   acid  com- 
ponents  of  proteins.      Although  it   is   the  chief  limiting  amino   acid  in  the 
proteins   of  patent   flour,    there  are  probably  other   :-jnino   acids  that    enter   into 
the  picture.      Some  of   the  results   shovm  in  the  table  suggest   that   such  is   the 
case.     ViThen  fed  alone   in  the  ration  cottonseed  flo'or  gave  significantly  higher 
Weight-gains  values   than  peanut   flour,   but   there  was  not  much  difference  in 
their  values  as   supplements   to  wheat   flour.      It   is   also   of   interest   to  note 
that  Lot   2S1  fed  the  flour  mixture  containing  15  parts   soybean  flour   and  85 
parts  white  flour  gained  more  than  Lot  288  fed  on  the  stra,ight    soybean  diet. 
This   suggests  that   the  wheat  flour  ma.y  have  contributed  some  amino   acid  that 
is  not    supplied  "by  the  soybean  flour   in   quite  sufficient   qu-.^ntity.      It  .is 
poss^ibLo  tlaat   a  mixture  of   the  tliree  oil-sood  flours  .would  enhanco  the  protein 
value  of  wheat  flour  more  than  the  uso  of   any  one  of  them  alone. 

4 

It    shcold  be   emphasized  that   greater  weight   gains  than  those  -lore 
recorded  would  have  resulted  iiad  a  higher  level  or  protein  been  usod  in  the 
rations.     They  would  not,    however,    have  offered  as   satisf a.ctory  comparisons. 
The  rather  low  level   of  9,1  percent  was  chosen  for   several  reasons.     Since  the 
wheat  flour  used  contained  orJ.y  a  little  over  10  percent  protein  9.1  pjorcont 
of  protein  was  the  highest   that   could  have  been  used  with  the  necessary  allow- 
ance for  the  minerals,    fat,    and  cod  liver  oil   incorpora,ted  in  the  ration.     Liore 
efficient  utilization  of   a  protein  is   accomplished  when  it   is  present   in  the 
ration  a.t   a  low  level   than  that   at   a  high  level.      Amino    acid  deficiencies   in 
proteins  will  manifest   themselves  more  sharply  at   low  protein  levels  and  thus 
enable  a.  better  comparison  of  values  when  a  series  of  different  proteins   a,re 
being   studied. 

The  results  of   the  steadies  here  outlined  indicate  that   the  use  of   soybean, 
peanut,    and  cottonseed  flours  offers  one  of   the  most    effective,    economical,    and 
practical  ways  of  meeting  the  vorld shortage  of  protein  foods  that    seems  imminent, 
and  that   this  may  best  bo  accomplished  'oy  their  use  in  conjunction  with  n'hoat 
flour.     This  country  has  an   .-abundance  of  wheat,    and  wheat   flour   is  one  of   the 
most    extensively  used  foods.      It    is   economical    and  ca:i  be  used  in  an  almost 
unlimited  variety  of  wa.ys.     Bread  ma-dc  of   a  mixture  of  -.vhite  v;heat  flour  and  10 
to   15  T)^-rts  of   soybean!  or  peanut   flours   is   scarcely  distinguishable  in  taste  or 
a.ppcaxance  from  breaAi  ncAo  of  v/hite  flour  alone. 

l^D  r.a.ttor  how  raozry  vitamins   or  hov;  many  mineral   elements  ma^'  be  supplied 
in  the  diet,    satisfactory  growth  will  not  res^olt    if   cxiy  one  of  the  ten  nutri- 
tionaH3.--3ssential   amino   ru3ids  be  lacicing.     Wide  publicity  is  being  given  to 
so-called  "enriched"   flour  a^s   a.  gre-tt   develojjment    in  improving  the  nutritive 
value   of  wheat   floijx.      The   enrichment   consists   in  the  addition  of  two  vitajnins 
(thiamine  and  niacin)    ajid  one  mineral    element    (iron).      The  product    is  still   as 
deficient   in  protein  Vcxlue  as   it  v.'as  before  enriciimer.t .     The  results  of  our 
experiments   sho\/  tha.t ,    even  after    enricliment  ?/ith  eight   vitamins    and  twelve 
mineral    elerrients,    the  growth-promoting  value  of  v.^hito  flo-'JJ-   cax  bo  still   in- 
croa^sjd  two-fold  'i)y  protein   supplementation  with  10  parts   of  peanut   or   cotton- 
seed flours,   a,nd  four-fold  with  soybean  flour. 


